Introduction
Rupture of aortic aneurysms is a common cause of death. In both the United Kingdom and in Sweden rupture of abdominal aortic aneurysms account for -1.3% of the deaths in men over 50 yr of age (1, 2) . Many aortic aneurysms are familial. For example, one recent report (3) (4) indicated that 15.1% of 542 patients undergoing surgery for abdominal aortic aneurysms had a first-degree relative with an aneurysm. Therefore, although there may be a variety of causes for abdominal aortic aneurysms, a large proportion may be genetic. We have recently initiated experiments to test the hypothesis that familial aortic aneurysms, either thoracic or abdominal, are caused by mutations in the gene for type III procollagen (COL3A1) similar to mutations in the same gene that we and others (5-1 1) have shown to cause rupture of the aorta and other disastrous consequences in the rare genetic disorder known as Ehlers-Danlos syndrome (EDS)' type IV (12-15).
Here we show that the first family we used to test the hypothesis proved positive.
Methods
Thefamily. The family was identified through a 37-yr-old white female (M.H.) on active duty as a captain in the United States Air Force (III-1 in Fig. 1 ). She was in excellent health and physical condition. During a routine medical examination, however, it was learned that several members of her family had died from sudden rupture ofabdominal or thoracic aortic aneurysms.
On physical examination, the physician noted that she had mild hyperextensibility of joints. However, she had formerly been a gymnast without any history ofjoint dislocations. Also, she was negative for excessive joint laxity by the criteria of Wynne-Davies (Table I ). In addition, there were no other signs of the Ehlers-Danlos syndrome in that her skin had a normal texture without unusual extensibility, ecchymoses, or abnormal scarring. She did not have a prominent venous pattern over her anterior chest or elsewhere, and she did not have a history ofvenous varicosities as is seen in many patients with EDS type IV (12, 13, 15 ). An old appendectomy scar was well-healed. The physician also noted she had arachnodactyly. However, the hand-to-height ratio was 10.9% (Table I) , the upper limit of normal. Also, she did not meet other criteria for the Marfan syndrome in that she was only 5 feet 2 inches tall, and her ratio of upper body segment to lower body segment was 0.97, in the high normal range rather than below normal (Table I ). In addition, a slit lamp examination for subluxation of the lens was negative. The remainder of the physical examination was unremarkable. An electrocardiogram and an echocardiogram were normal. A computerized tomography scan with contrast did not reveal any aneurysms in the blood supply to the central nervous system. An ultrasound examination ofthe abdomen did not show any dilatation of the aorta or any other abnormalities.
A more detailed medical history revealed that M.H. had frequent headaches that were apparently migraines. She also had a tendency to bruise easily, with the formation of hematomas after minor trauma. 4 yr before the examination she underwent an appendectomy and a right oophorectomy. The surgeon noted that the tissues seemed friable, they bled easily, and there was a loss of -1,000 ml ofblood. She recovered normally from the surgery. She had a 13-yr-old son and a 14-yr-old daughter. Both were apparently in good health. The daughter had mitral valve prolapse and loose joints, but was a world-class gymnast (Table I) . A slit-lamp examination of the daughter was negative.
A number of M.H.'s direct blood relatives died suddenly from vascular catastrophies (Fig. 1) . Her mother (II-1) died at the age of 34 of a ruptured abdominal aortic aneurysm, and her maternal grandfather (1-2) died at the age of 55 of a ruptured thoracic aortic aneurysm. A maternal uncle died at the age of 42 of a cerebral vascular accident. A maternal aunt died at the age of 55 during an operation for repair ofan aneurysm ofthe hepatic artery. A 15-yr-old cousin (111-7) died of a ruptured thoracic aortic aneurysm during a swimming competition.
None of M.H.'s direct blood relatives other than her daughter had joint laxity suggestive of EDS by the criteria of Wynne-Davis (Table I) . Also, they did not have any evidence of the Marfan syndrome as judged by the ratio of upper segment-to-lower segment or by the ratio of hand length to height (Table I) .
Nucleotide sequencing of cDNAs and genomic DNAs. Skin fibroblasts from M.H. were grown under standard conditions (6) . Total RNA was isolated from the cells (16) and used to synthesize cDNA (17) that was employed as a template for a series of PCRs (18) . The PCRs were carried out with six sets of primers chosen to generate products covering all the coding sequences for the triple-helical domain of type III procollagen (10) . The products of the PCR were cloned into the bacteriophage M I3mpl 8 or mpl9 and the M1 3 clones were used for dideoxynucleotide sequencing (19). In addition, the PCR was carried out using genomic DNA as template and two additional oligonucleotide primers. The 5'-primer was identical to sequences at the 3'-end of intervening sequence 33 and the 5'-primer was complementary to the 5'-end of intervening sequence 35 (9) . The genomic products were also cloned into M13mpl8 or mpl9 for dideoxynucleotide sequencing.
Effects ofthe mutation on thermal stability. To examine the consequences of the mutation on the thermal stability ofthe type III procollagen, cultures of skin fibroblasts from M.H. were incubated with
[3H]proline for 24 h (6). The proteins in the medium were precipitated with ammonium sulfate and dissolved in 0.4 M NaCl; 0.01% NaN3; 0.1 M Tris-HCI buffer (pH 7.4). Thermal unfolding ofthe procollagens was assayed by brief digestion with high concentrations of trypsin and chymotrypsin as described previously (10, 20) . Samples were assayed by polyacrylamide electrophoresis in SDS without reduction.
In further experiments, '4C-labeled type III procollagen was purified from the medium by chromatography on two successive columns of DEAE-cellulose (6). The peak containing the type III procollagen was digested with vertebrate collagenase. The thermal unfolding ofthe vertebrate collagenase fragments (21) was then assayed by digestion with trypsin and chymotrypsin (10, 20) .
Detection ofthe mutation in salivafrom livingfamily members. To detect the mutation in the type III procollagen gene in living members of M.H.'s family, saliva samples were collected. Plastic screw-cap tubes (50 ml) containing 2 ,d of 25% sodium azide were mailed to the individuals. Each was asked to place up to 5 ml of saliva in the tube and To avoid contamination from DNA previously generated by PCR in the same laboratory, three different 5'-primers and three different Y-primers were used to amplify DNA. The first set of primers was the same as the set used to amplify genomic DNA from M.H. (above). Two additional 5'-primers and two additional 3'-primers were external to the first set. In different experiments, the 5'-primers and 3'-primers were varied so as to synthesize PCR products not previously generated. Water blanks were consistently negative. The PCR products were then used for allele-specific hybridization (23) using oligonucleotides that were 18 mers coding for the normal sequence and 18 mers coding for the same sequence but with the single base mutation that converted the codon for glycine 619 to arginine.
Results
Pathological reports and specimens on M.H.'s mother and maternal aunt. M.H.'s mother (II-I in Fig. 1 (Fig. 4) . The PCR products were sequenced after cloning into M 13. As indicated in Fig. 5 , a single base mutation was found that converted the codon of -GGA-for glycine 619 to -AGA-, a codon for arginine. The mutation was found in seven of nine independent residues. Therefore, the results were consistent with the presence of a glycine substitution at position 619 ofthe a I(111) chain.
Presence of the mutation in pathological specimens from M.H.'s mother and maternal aunt. Further experiments were carried out to determine whether the same mutation in an allele for type III procollagen was found in DNA from pathological specimens from M.H.'s mother and maternal aunt (II-6). DNA was extracted from a stained microscopic section of the mother's aorta. Also, DNA was extracted from paraffin sections (22) of the aunt's aorta and cartilage. The DNA was amplified by the PCR and used for allele-specific hybridization (23) . As indicated in Fig. 7 , the mutation was found in the DNA from both the mother (II-1) and the maternal aunt .
Inheritance of the mutated allele in the family. DNA in living members of the family was also examined for the presence of the mutation in type III procollagen gene. DNA was extracted from samples of saliva, and the DNA was used as a template for the PCR. Because the mutation destroyed an Ncil site (-CC/CGG-), the PCR products were assayed by whether or not they were cleaved by the restriction endonuclease NciI. As indicated in Fig. 8 , the PCR products obtained using control genomic DNA as a template generated fragments of 255 and 107 bp after cleavage with NciI. As expected, the PCR products obtained using M.H.'s DNA (III-1 in Figs. 1 and 8 ) generated three fragments, an uncleaved fragment of 362 bp from the allele containing the mutation, and the two normal fragments. The results demonstrated that, as indicated in Fig.  1 , both of M.H.'s children (IV-l and IV-2) had the mutation. Also, a brother (III-6) and a half-aunt (II-8) had the mutation. The mutation was not present in six direct blood relatives (111-4, III-1 1, III-13, III-14, 111-15, and IV-7). The results were confirmed by allele-specific hybridization (not shown). :_ I' .. Figure 5 . DNA sequencing of PCR products synthesized using cDNA as a template. The asterisk and arrow indicates the P R 0 change of a C to a T in the antisense strand and, therefore, a change of a G to an A in the sense strand that converted the G L Y codon for glycine 691 to a codon for arginine. The sequences closest to the gel are the antisense strand.
Discussion
The family described here was identified through a 37-yr-old woman in apparent good health who was scrutinized only because many of her direct blood relatives had died of ruptured aortic aneurysms (Fig. 1) (11-6 in Fig. 1 (29, 30) . The mortality is < 10% with elective surgery. The procedures used here make it possible to detect a mutation in a type III procollagen gene with -3 mo of work by a skilled scientist. It is very likely that this time will be shortened in the near future. Once the mutation is detected, a simple PCR test can be carried out on saliva to determine which members ofthe same family have the same mutation. In most instances, the PCR test can be confirmed by a combination of digestion with a restriction endonuclease (Fig. 8) and hybridization with allele-specific oligonucleotides (Fig. 7) , or by generating two overlapping PCR products that contain the 
